. Scar formation after skin injuries, burns, and diseases causes significant medical and cosmetic problems since scar tissue seriously compromises dermal tissue function and often causes disfiguration (Ferguson & O'Kane, 2004; Gurtner et al., 2008; Stocum, 2012a) . If skin regeneration can be realized instead of scar formation in humans, it would have various benefits for patients, would save health care costs, and would improve the quality of life. While skin regeneration ability is very limited in mammals, there is a wide variety of skin regeneration abilities among vertebrates. One factor is the stage of the life cycle:
Even mammals can regenerate full-thickness skin (including both the epidermis and dermis) scarlessly if the skin is injured at some embryonic stages. Another factor is the interspecies difference in skin regenerative capacity: For instance, amphibians can regenerate skin scarlessly after the embryonic stage. Examples of such skin regeneration are introduced in the next paragraph.
Among vertebrates, skin wound healing and skin regeneration have been studied most intensively in mammals. As our definition in this review, "wound healing (or wound repair)" bridges gaps in damaged tissue but does not restore the original tissue structure while "regeneration" means restoration of the original tissue(s) after a structural defect (Stocum, 1995) . For example, an adult mammal does not restore the dermis or skin derivatives such as sweat glands and hair follicles but forms a scar bridging the gap after deep skin injury. We refer to this phenomenon as "wound healing." When the damaged dermis (and skin derivatives) is restored by de novo formation of dermal tissue, we call this phenomenon "skin regeneration." The most well-known models for skin regeneration are fetuses of mammals: Mammals at early embryonic stages regenerate fullthickness skin even if it is damaged to the dermal layer. However, after a specific time point of gestation, mammal fetuses exhibit adultlike scar formation instead of regeneration of full-thickness skin. For example, this transition from regeneration to scar formation takes place around 14-18 days of gestation in rats (Colwell, Longaker & Lorenz, 2003; Ihara, Motobayashi, Nagao & Kistler, 1990 ) and mice (Bleacher, Adolph, Dillon & Krummel, 1993) . Therefore, comparative analysis of fetus skin and adult skin in the same species would be an excellent strategy to elucidate the substantial difference between skin regeneration and wound healing with scar formation.
Among mammals, African spiny mice exceptionally regenerate skin scarlessly even in adulthood as autotomy to escape from predators (Seifert, Kiama, et al., 2012) . Another example of skin regeneration is skin of fish and amphibians. For example, zebrafish, which are teleost fish, have remarkable regeneration ability for a variety of tissues (reviewed by Gemberling, Bailey, Hyde & Poss, 2013; Nakatani, Kawakami & Kudo, 2007) . After a full-thickness skin wound (excision of the skin including the dermis and epidermis), the adult zebrafish regenerates the epidermis, dermis, and scales in a scarless manner (Richardson et al., 2013) . It is also well known that amphibians possess exceptionally high capacity to regenerate damaged organs and appendages as a superclass of tetrapods (four-limbed vertebrates).
For example, newts and salamanders can regenerate a limb as well as the retina, heart (ventricle), tail, and the lower jaw (Agata & Inoue, 2012; Brockes, 1997; Stoick-Cooper, Moon & Weidinger, 2007; Straube & Tanaka, 2006) . Recent studies have revealed that amphibians can regenerate skin without scarring after a full-thickness skin wound. For example, an axolotl (Ambystoma mexicanum), a neotenous Mexican salamander, regenerates its tail skin without scar formation after a full-thickness skin wound (Levesque, Villiard & Roy, 2010) . The axolotl regenerates its trunk skin, including the dermis and secretion glands, even after thyroxine-induced metamorphosis (Seifert, Monaghan, Voss & Maden, 2012) . Other recent studies have shown that the Xenopus laevis froglet (a spontaneously metamorphosed African clawed frog), the young adult frog, can regenerate skin including the dermis and secretion glands on the limb, trunk, and head after a full-thickness excisional skin wound (Otsuka-Yamaguchi et al., 2017; Yokoyama et al., 2011) . Therefore, the skin of these animals (African spiny mice, axolotls, and Xenopus) would be precious models for studying skin regeneration as adults. These models would complement conventional mammal models such as mouse and rat models since mammals, except for African spiny mice, cannot regenerate skin as adults but form a scar after a full-thickness skin injury.
| Anatomy of vertebrate skin structures
In the evolutionary process, vertebrates shifted their habitat from an aquatic environment to a terrestrial environment in the late Devonian period (365-340 million years ago). Vertebrates basically have common structures of the skin-epidermis and dermis overlying subcutaneous tissues-while terrestrial vertebrate skin evolved a unique function(s) to prevent drying and to protect against ultraviolet light irradiation (Figure 1) . In this review, we have omitted descriptions of reptiles and birds among vertebrates, though healing and regeneration of their skin is an intriguing issue (e.g., Peacock, Gilbert & Vickaryous, 2015) .
| Fish
Fish skin is composed of the epidermis, dermis, and scales as dermal bones ( Figure 1a ). In fish, the pluristratified epidermis is exclusively composed of living cells, while tetrapod vertebrates are covered by at least one outer layer of keratinized (dead) cells (Le Guellec, Morvan-Dubois & Sire, 2004) . Keratinized epidermal cell layer is uncommon in fish while it is found in specific sites of some fish species (Kardong, 2015; Mittal & Whitear, 1979) . In modern bony fish, there are numerous mucous cells in the epidermis layers (Figure 1a ; Schempp, Emde & Wölfle, 2009 ).
| Amphibians
Amphibians are the most primordial tetrapods among extant animals, and they firstly succeeded in migrating to land as vertebrates.
The skin of metamorphosed amphibians differs from fish skin in two important aspects (Schempp et al., 2009 ). Firstly, the upper layer of the epidermis is a cornified (keratinized) layer, a layer of terminally differentiated, dead, and enucleated keratinocytes fulfilled with keratin proteins. The uppermost layer (a single layer) of the epidermis is cornified before it is shed as physiological turnover (Figure 1b) .
Secondly, amphibian skin contains secretion glands in the dermis, not in the epidermis (Figure 1b ). This is a common feature to other tetrapods. In summary, amphibian skin shares more common characteristics than fish skin to mammal skin (the basic structure will be described below), while adaptation of amphibian skin against drying is more primitive than mammal skin.
| Mammals
In order to adapt to a terrestrial habitat, mammal skin has more specialized cornified layers of epidermis to prevent the loss of vital fluids, while mammals and amphibians basically share a common structural arrangement. In mammals, the epidermis is primarily composed of four layers of keratinocytes in various stages of differentiation, from undifferentiated stem cells of the stratum basale, through progressively differentiating keratinocytes of the stratum spinosum and stratum granulosum, to terminally differentiated cells of the stratum corneum that are continually shedding (Figure 1c ; Candi, Schmidt & Melino, 2005; Stocum, 2012a) . Spatially, the stratum basale is located in the innermost (closest to the dermis) position among the four epidermal layers, and differentiating keratinocytes gradually migrate in the direction of the skin surface (Stocum, 2012a) . The stratum corneum, facing the outer environment, is a physically robust layer of dead keratinocytes containing highly cross-linked proteins with specific lipids on the outside (Candi et al., 2005) . A number of epidermal appendages including hair follicles, sweat glands, and sebaceous glands project into the dermis (Figure 1c ; Stocum, 2012a).
| Wound healing of skin by fibrosis in mammals-origin of fibrotic cells
Fibrosis, the formation of collagenous scar tissue after injury, has been most intensively studied in the skin of mammals. Wound healing in the skin of adult mammals after injury is a multistep process.
Three overlapping phases of the healing process-inflammation, proliferation and maturation (remodeling)-can be distinguished (for a detailed time course and events, refer to reviews such as Broughton, Janis & Attinger, 2006; Kawasumi, Sagawa, Hayashi, Yokoyama & Tamura, 2013; Martin, 1997; Stocum, 2012a; Yokoyama, 2008) . We F I G U R E 1 Vertebrate skin structures. (a) Teleost fish skin has a pluristratified epidermis but does not have a cornified (keratinized) layer. (b) Amphibian skin has a cornified layer (stratum corneum) in the epidermis and secretion glands (mucous glands and granular glands) in the dermis. (c) Mammal skin has multiple layers of keratinocytes in the epidermis, from undifferentiated stem cells of the stratum basale to terminally differentiated cells of the stratum corneum. The stratum lucidum is present only in thick skin. Illustrations for fish skin and amphibian skin were modified from Schempp et al. (2009) will briefly describe representative events in each of the three phases here ( Figure 2 ). "Inflammation" is initiated by hemostasis (clot formation) immediately after wounding ( Figure 2a ). Macrophages at the wound site then mediate angiogenesis and initiate re-epithelization (the epidermis covers the wound again.) (Figure 2b ). In the "proliferation" phase, epithelial cells at the wound edge proliferate and migrate centripetally to continue re-epithelization ( Figure 2c ). Most importantly, fibroblasts that have migrated from outside the wound to the clot proliferate to form granulation tissue. Spontaneously, the wound space is invaded by excessive capillaries and they supply oxygen and nutrients to the fibroblasts. As a result, the fibrin clot at the original wound is replaced by granulation tissue. The main feature of the "maturation" phase is the deposition of a network of extracellular matrix (ECM) such as collagens in granulation tissue (Figure 2d ). In other words, "remodeling" of granulation tissue into scar occurs. This phase, maturation, persists for at least 6 months in humans. When the "maturation (or remodeling)" has been completed, granulation tissue is replaced by a relatively acellular fibrous scar tissue. In the maturation phase, most of the capillaries in the granulation tissue regress, and contraction of the dermis aids closure of the skin wound to decrease the area that needs to be covered by the epidermis and fulfilled by scar tissue. Dermal contraction is more obvious in rodents than in pigs or humans (Stocum, 2012a) .
In skin wound healing, a specific type of fibroblasts, myofibroblasts, is thought to contribute to wound contraction and scar formation. Typically, myofibroblasts are distinguished by a marker, alpha-smooth muscle actin (α-SMA) (Gabbiani, 2003) . In the proliferative phase, it is thought that fibroblasts differentiate into myofibroblasts in granulation tissue under the influence of TGF-β1 (Desmoulière, Geinoz, Gabbiani & Gabbiani, 1993 Driskell & Watt, 2015; Micallef et al., 2012) . The formation of fibrous scar tissue, fibrosis, which is mediated by myofibroblasts, is not restricted to injured skin but is widely observed in other tissues after chronic damage. Multiple origins of myofibroblasts have also been reported in tissues other than the skin, for example, the liver (Guyot et al., 2006) and kidney (LeBleu et al., 2013) , after chronic damage. Elucidation of the origin of myofibroblasts, which are scar-forming cells, and molecular characterization of these cells are important tasks for future regenerative therapy since we need to find ways to inhibit fibrosis and evoke regeneration for realization of this therapy.
| Skin regeneration including the dermis and secretion glands in amphibians-origin of regenerating cells
In contrast to mammals, amphibians almost completely regenerate skin including the dermis and skin derivatives-secretion glands-after injury to the dermal layer. One striking feature of F I G U R E 2 Healing processes after excisional deep skin injury in adult mammals. (a) Hemostasis. A clot is formed and red blood cells (shown as red color in the illustration), and platelets are trapped in the clot. The clot dries at the surface to form a scab. (b) Monocytes (which transform into macrophages, light blue) enter the wound space, and re-epithelization begins. (c) Proliferation. The original wound is almost entirely covered by the newly formed epidermis, and an extensive capillary network develops. Fibroblasts (purple) migrate to the wound, proliferate, and contribute to the formation of granulation tissue. Myofibroblasts (scar-forming cells, yellow), derived from multiple origins, differentiate in granulation tissue. (d) Maturation. The temporal collagen matrix degrades and maturates (is cross-linked) into thick bundles of collagen to form scar tissue amphibian skin regeneration is rapid re-epithelialization after injury:
The epidermis covers the wound after an excisional full-thickness skin wound within 24 hrs both in axolotls (Levesque et al., 2010) and in Xenopus laevis froglets (Otsuka-Yamaguchi et al., 2017; Yokoyama et al., 2011) . While it takes longer in axolotls with thyroxine-induced metamorphosis for re-epithelialization (Seifert, Monaghan, et al., 2012) , re-epithelialization is much quicker than that in mammals, for example, mice in which it takes more than 10 days to complete re-epithelialization (Braiman-Wiksman, Solomonik, Spira & Tennenbaum, 2007). As in the skin wound of amphibians after a skin excision, the amputated limb stump of amphibians is quickly covered with a dermis-free epidermis called the "wound epidermis"
at the initial step of limb regeneration (Carlson, Bryant & Gardiner, 1998; Repesh & Oberpriller, 1978) . Considering the quickness of re-epithelialization and the common dermis-free structure, the dermis-free epidermis covering the skin wound is called the "wound epidermis" in the skin regeneration process of amphibians (Levesque et al., 2010; Yokoyama et al., 2011) . When the wound epidermis has covered the original skin wound, underlying tissue then seems to lose its organization. If a full-thickness skin flap is excised at the dor- Similarly, muscles are fragmenting in and around the original wound after excisional skin removal in adult axolotls (Seifert, Monaghan, et al., 2012) . This phenomenon, disruption of organized tissue structures under the wound epidermis, reminds us of the "dedifferentiation" process in limb regeneration of amphibians. As a result of "dedifferentiation," blastema cells accumulate under the epidermis in limb regeneration of amphibians (Han et al., 2005; Straube & Tanaka, 2006; Suzuki et al., 2006) . Limb blastema cells specifically express a paired-type homeobox-containing transcription factor, prx1 (also called prrx1, e.g., Norris et al., 2000; Ocaña et al., 2017) , in limb regeneration of amphibians (Satoh, Gardiner, Bryant & Endo, 2007; Suzuki et al., 2005) . In skin regeneration of a Xenopus laevis froglet, cells that accumulate under the wound epidermis express the limb blastema marker prx1 on the limb and trunk after excisional skin removal (Suzuki et al., 2005; Yokoyama et al., 2011) . For visualization of blastema cells, a transgenic Xenopus laevis line, Mprx1-GFP, that expresses GFP under control of a 2.4-kb mouse prx1 "limb-specific" enhancer (Logan et al., 2002; Martin & Olson, 2000) was previously established by Suzuki, Satoh, Ide and Tamura (2007) Therefore, blastema-like cells, which are marked by activation of the prx1 limb-specific enhancer, accumulate under the wound epidermis in the trunk as well as the limb region in the skin regeneration process of a Xenopus laevis froglet. In contrast, such blastema-like cells marked by the prx1 limb-specific enhancer were not observed in skin wound healing in the dorsal trunk region of adult mice (Yokoyama et al., 2011) . These results suggest that blastema-like cells with activation of the prx1 enhancer are required for skin regeneration.
Interestingly, not prx1 but prx2 is expressed in skin wound healing of fetal mammals, and the gene product of prx2 may specifically contribute to scarless wound healing (skin regeneration) in fetal mammals rather than adult mammals (Stelnicki et al., 1998; White et al., 2003) . Elucidation of the molecular function of these paired-type homeobox genes, prx1 and prx2, for skin regeneration of vertebrates would be an intriguing future task. The pattern in Mprx1-GFP tadpoles and froglets is faithfully recapitulated in another transgenic Xenopus laevis line, Xtprx1-GFP, that expresses GFP under control of a 4.0-kb Xenopus tropicalis genomic sequence upstream of prx1, the putative homologous sequence to a 2.4-kb mouse prx1 "limbspecific" enhancer in Xenopus (Figure 3) . The 2.4-kb mouse prx1 enhancer sequence contains two conserved noncoding regions, CR1
and CR2, and CR1 is located more distally than CR2 (Martin & Olson, 2000) . This 2.4-kb mouse prx1 enhancer sequence contains an approximately 0.9-kb nonconserved sequence distal to CR1 (Martin & Olson, 2000) . We previously found that a genomic sequence upstream of X. tropicalis prx1 has a homologous region to CR1 and that the distance between CR1 and the translation initiation site of the prx1 gene is greater in X. tropicalis than in the mouse (Suzuki et al., 2007) . For transgenesis, therefore, we cloned the 4.0-kb X. tropicalis genomic sequence upstream of prx1, which spans CR1 and an approximately 0.9-kb nonconserved sequence distal to CR1, as the putative homologous sequence to the 2.4-kb mouse prx1 "limbspecific" enhancer ( Figure 3a) . Since accumulation of GFP-positive cells under the wound epidermis was observed also in the Xtprx1-GFP transgenic froglet after excisional skin removal at the dorsal trunk (Figure 3g, h) , the pattern of the GFP reporter in the Mprx1-GFP and Xtprx1-GFP transgenic froglets seems to reflect the endogenous activation pattern of the prx1 limb-specific enhancer in the process of skin regeneration. After the accumulation of blastemalike cells with activation of the prx1 limb-specific enhancer around the original wound, nearly normal dermal tissue with maturating (newly formed) secretion glands is formed in a Xenopus laevis froglet (Yokoyama et al., 2011) . Similarly, secretion glands are regenerated in the skin regeneration process of an axolotl (Seifert, Monaghan, et al., 2012) . Finally, almost complete skin including secretion glands and dermis is regenerated and subcutaneous myofibrillar organization around the original wound is recovered in an anuran amphibian, a Xenopus laevis froglet (Otsuka-Yamaguchi et al., 2017; Suzuki et al., 2005; Yokoyama et al., 2011) , as well as in a urodele amphibian, an axolotl (Levesque et al., 2010; Seifert, Monaghan, et al., 2012) , without formation of an obvious scar. As in the case of amphibian limb regeneration or skin wound healing in mammals, it takes a long time-several weeks to a few months-to complete the skin regeneration process in these amphibians.
What kind of cells contribute to skin regeneration in amphibians? We expected that blastema-like cells with prx1 enhancer activity would contribute to skin regeneration in a Xenopus laevis froglet.
Since cells with prx1 enhancer activity are often found in disorganized subcutaneous muscle tissue under the wound epidermis (Yokoyama et al., 2011) , we speculated that subcutaneous tissue(s) underlying the skin may contribute to skin regeneration of amphibians. Within an inbred strain of Xenopus laevis, J strain (for the history of this strain, please refer to Session et al., 2016) , grafted skin from another individual is accepted by a frog or a froglet without immune rejection even after metamorphosis (Tochinai & Katagiri, 1975) . By using this advantage, we specifically labeled subcutaneous tissues underlying the skin with GFP and revealed that GFP-labeled cells from subcutaneous tissues contribute to skin regeneration, especially dermal regeneration, in a Xenopus laevis froglet (Otsuka-Yamaguchi et al., 2017) . Therefore, cells derived from tissues underlying the skin may play a critical role(s) in skin regeneration of amphibians. As far as we know, there is no report indicating that some cells derived from outside the skin contribute to skin regeneration in fetal mammals, while some populations of myofibroblasts can be derived from outside the skin after skin injury as mentioned above (Verstappen et al., 2011) . The presence or absence of cell contribution from outside the skin to skin regeneration may reflect the critical difference in skin regeneration ability between amphibians and mammals. Cell contribution from subcutaneous tissues may enable amphibians to regenerate skin after loss of a large area of skin accompanying limb or tail amputation. However, there are still three important unsolved problems. Firstly, it remains unclear whether these cells derived from subcutaneous tissues are identical to blastema-like cells with prx1 enhancer activity. Secondly, it is unknown how essential these cells derived from subcutaneous tissues are for skin regeneration. These F I G U R E 3 Xenopus tropicalis prx1 enhancer sequence recapitulates the phenotype of Mprx1-GFP Tg X. laevis for limb development and skin regeneration. (a) Map of the X. tropicalis prx1-GFP (Xtprx1-GFP) transgene. A 4.0-kb genomic sequence upstream of prx1 was amplified from the X. tropicalis (Nigerian strain) genome by PCR with primers incorporating an SalI or HindIII restriction site into the 5′ end of the gene-specific primer (forward: 5′-GCGTCGACTACTGTATTTAGTGAGCAAAGTTC-3′, reverse: 5′-CGAAGCTTGAAGGAGAAGACCGAGATA C-3′). A 2.4-kb mouse prx1 enhancer sequence was removed from Mprx1-GFP (Suzuki et al., 2007) using SalI and HindIII and replaced with the 4.0-kb Xtprx1 sequence at the same restriction enzyme sites. Then, the Xtprx1-GFP-poly (A) cassette was inserted into ISceI-pBSII SK+ (Thermes et al., 2002) . By using this plasmid, I-SceI meganuclease-mediated transgenesis was carried out as previously reported (Ogino, McConnell & Grainger, 2006a,b; Pan, Chen, Loeber, Henningfeld & Pieler, 2006) (Tschumi, 1957) at stage 53 shows strong GFP fluorescence in the regenerating limb bud. A pair of lines indicates the amputation plane. (g, h) The Xtprx1 enhancer was activated in a dorsal trunk skin wound in an F1 Tg froglet 4 days after a skin excision. A section of regenerating skin was stained with DAPI (g) for nuclei and was labeled with an anti-GFP antibody (h) as previously described (Otsuka-Yamaguchi et al., 2017; Yokoyama et al., 2011) . Robust staining of GFP was observed under the epidermis. Skin surface is up. While blastema-like cells with prx1 enhancer activity are observed in skin regeneration of amphibians, myofibroblast-like cells with a molecular marker, alpha-smooth muscle actin (α-SMA), are also found in skin regeneration of amphibians. In an axolotl, very few α-SMA-positive cells were detected in regenerating skin (Seifert, Monaghan, et al., 2012) . The existence of α-SMA-positive fibroblasts was also observed in regenerating skin of a Xenopus laevis frog (Bertolotti, Malagoli & Franchini, 2013) . Comparative immunohistological analysis with an anti-α-SMA antibody in an axolotl and a mouse suggests that the number of α-SMA-positive fibroblasts in a skin wound is much smaller in an amphibian than in a mammal (Seifert, Monaghan, et al., 2012) . It remains unknown whether α- 
| Perspectives: What is the next important task(s) in skin regeneration of amphibians?
Comparative models of regeneration-competent tissues vs.
regeneration-deficient tissues are very useful for understanding molecular and cellular differences between regeneration competence and deficiency (Stocum, 2012b) . Comparative analysis of fibrotic skin (mammals) and regenerative skin (amphibians) would be a powerful approach to reveal the mechanisms that promote or inhibit skin regeneration. The development of method for transgenesis both in anuran and in urodele amphibians (reviewed in Ogino & Ochi, 2009) was an epoch-making innovation since we can compare rodents and an amphibian, for example, Xenopus laevis, by preparation of transgenic animals containing the same transgene across the species (e.g., mouse prx1 limb-specific enhancer (Yokoyama et al., 2011) and rat elastase-I enhancer (Hammer et al., 1987; Beck & Slack, 1999) ). The more recent development of genome editing, especially the knock-in technique, would be a tool for more precise comparison of mammals and amphibians in the near future (Nakade et al., 2014) . With comparative analysis between mammals and amphibians, we need to elucidate the characteristics of blastema-like cells and myofibroblastlike cells in skin wound healing and skin regeneration in amphibians more precisely.
Recently, it has become possible to label target cells in both anuran amphibians (Xenopus laevis) and urodele amphibians (Pleurodele waltl, a newt) with preparation of a transgenic animal containing a reporter gene under control of a heat shock promoter (Kawasumi-Kita et al., 2015) . Infrared laser irradiation with IR-LEGO (infrared laserevoked gene operator) enables single-cell labeling in Xenopus laevis (Hasugata et al., 2018; Hayashi et al., 2014) , though it labels the target cell for only a brief period (several days). In theory, however, the same cell can be repeatedly labeled by IR-LEGO, and this technique may be useful to reveal the precise origin of cells that originate in subcutaneous tissue under the skin and contribute to skin regeneration (Otsuka-Yamaguchi et al., 2017) . Long-term cell labeling with the combination of IR-LEGO and a Cre-loxP system would, of course, be a very promising way to reveal the cellular origin as already reported in teleost fish (Shimada et al., 2013) . Advanced application of
Cre-loxP systems such as Brainbow has also recently revealed cell migration and cell behavior in appendage regeneration in axolotls (Currie et al., 2016) and zebrafish (Tornini et al., 2016) . Such a livemonitoring system would be useful for analyzing the precise origin of cells contributing to skin regeneration and the cell fate.
For comparative analysis by molecular genetics with a mammal model, the anuran amphibian model Xenopus has so far been mainly used among amphibians since whole-genome sequencing has already been completed in Xenopus tropicalis (Hellsten et al., 2010) and
Xenopus laevis (Session et al., 2016) in addition to advanced transgenesis techniques (reviewed in Ogino & Ochi, 2009 ). However, molecular genetic analysis with preparation of transgenic animals can now be easily performed also in a urodele amphibian, Pleurodele waltl . Furthermore, recent whole-genome sequencing in an axolotl will mark a new epoch (Nowoshilow et al., 2018) . We will be able to compare cis-regulatory elements of a specific gene that is involved in skin regeneration between urodele amphibians and mammals. Such a comparison would be useful, for example, to characterize cells that specifically contribute to skin regeneration in an amphibian from the viewpoint of regulation of gene expression.
The skin regeneration phenomenon in both anuran and urodele amphibians provides a useful model for studying skin regeneration as adults. For realization of skin regeneration, instead of scar formation, in an adult mammal, we need to change mammal-type wound healing into amphibian-type regeneration. First of all, a skin wound probably has to be covered with a dermis-free epidermis, the wound epidermis, quickly after injury as in an amphibian. Then, blastemalike cells that can contribute to skin regeneration need to accumulate under the wound epidermis with reduction in the number of myofibroblasts in the same region. Elucidation of the origin of blastema-like cells and molecular characterization of these cells in skin regeneration of amphibians would provide a clue for inducing the same cells in mammals. Furthermore, skin regeneration can be stepped up to a higher level of regeneration such as limb regeneration in a stepwise manner both in urodele amphibians (Endo, Bryant & Gardiner, 2004) and in anuran amphibians (Mitogawa et al., 2014) .
Therefore, skin regeneration models in amphibians could be valuable for determining how skin regeneration is stepped up to a higher level of regeneration in tetrapods. Elucidation of the mechanisms that promote or inhibit skin regeneration would ultimately contribute to the realization of regeneration of a three-dimensional organ such as a limb in mammals in the future.
| CON CLUS IONS
Amphibian skin has structures that are common to mammal skin as tetrapods. Mammals, except for African spiny mice and early stage embryos, form a scar instead of regenerating skin structures after a deep injury reaching the dermal layer. In contrast, amphibians regenerate skin after the same injury without forming a remarkable scar.
Skin regeneration of amphibians, therefore, is a precious model for studying the mechanisms of skin regeneration as adults. The development of method for transgenesis, genome-editing sequencing, and whole-genome sequencing in amphibians has enabled comparative analysis of fibrotic skin (mammals) and regenerative skin (amphibians), which should lead to elucidation of the mechanisms that promote or inhibit skin regeneration. Amphibian models for skin regeneration are also promising since these models will be useful for finding the roadmap by which skin regeneration can be stepped up to a higher level of regeneration such as limb regeneration in the future. Agata, K., & Inoue, T. (2012) . Survey of the differences between regenerative and non-regenerative animals. Development, Growth and Differentiation, 54, [143] [144] [145] [146] [147] [148] [149] [150] [151] [152] 
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